INTRODUCTION
Yeasts of the genus Malassezia (synonym: Pityrosporum) are obligatory or nonobligatory lipophilic, normal flora organisms of the skin of warm-blooded hosts; under appropriate conditions, they cause superficial infections of the skin and associated structures (1, 23, 39, 49, 68, 95, 132, 151) . The most commonly described human infection due to a member of the genus is pityriasis versicolor, a chronic, superficial disease of the stratum comeum layer of the epidermis containing the typical hyphal elements and yeast cells of Malassezia furfur in tissue (39, 49, 91, 115, 132, 151) .
Recently, data from several institutions have implicated both M. furfur and M. pachydennatis as causing a number of more invasive human infections, including intravascular catheter-associated sepsis (5-8, 17, 27, 55, 63, 82, 87, 93, 106, 108, 110, 113, 114, 128, 138) . With the increasing number of patients presenting with immunologic dysfunction associated with susceptibility to invasive disease caused by organisms of low virulence, it is likely that the incidence of Malassezia infections will increase. This review will focus * Corresponding author. on the microbiologic, epidemiologic, clinical, and diagnostic aspects of Malassezia infections.
TAXONOMY
Malassezia organisms are globose to ellipsoidal, unipolar budding, lipophilic yeasts that appear to be basidiomycetes (96) . The data supporting this relationship include their positive diazonium blue B staining reaction, positive urea hydrolysis reaction, laminar cell wall ultrastructure as revealed by electron microscopy, and resistance to cell wall lysis by P-(1,3)-D-glucanase (60, 130, 151) . The genus contains at least three species: M. furfur, an obligatory lipophilic organism commonly found on human skin; M. sympodialis, a second obligatory lipophilic species for which two human isolates have been described; and M. pachydermatis, a nonobligatory lipophilic species most often isolated from dogs (1, 91, 126, 131, 151) .
Some controversy still surrounds the appropriate scientific name for this genus and the number of species within the genus. Most investigators believe that such taxonomic terms as Pityrosporum ovale and P. orbiculare represent morphologic variants of M. furfur (151) . Genetic, morphologic, and immunologic studies support this conclusion (see below). Thus, we will use the names M. furfur (Robin) Ballion and M. sympodialis Simmons et Gueho throughout this review (except in the section on historical perspective) to define the obligatory lipophilic species. To maintain consistency, M. pachydermatis (Weidman) Dodge will be used to define a third species which does not require, but whose growth is stimulated by, exogenous lipids.
HISTORICAL PERSPECTIVE
The earliest reports of Malassezia-like yeasts were those of Eichstedt in 1846 (32) and Robin in 1853 (118) , who described the organism in the skin scales of patients with pityriasis versicolor. In 1973, Rivolta reported yeasts of a similar type isolated from patients with psoriasis (116) , and in 1874, Malassez described the typical round and oval budding yeast cells in the stratum corneum of patients with pityriasis versicolor and a variety of other skin conditions (84) . Malassez is credited with distinguishing the agent of this disease from the agents of true ringworm (tinea) infections. In recognition of the work of Malassez, Baillon proposed the name M. furfur in 1889 to describe the furfuraceous (consisting of or covered with flaky particles) nature of the skin lesions observed in patients with pityriasis versicolor (10) . The genus Pityrosporum was proposed 15 years later by Sabouraud to describe budding yeast cells without hyphal elements observed in and isolated from normal skin and scalp (124) . The species name P. ovale was first used by Castellani and Chalmers, who were able to consistently culture this oblong to ellipsoidal yeast from human skin scales (21) . In 1951, Gordon isolated a spherical to oval yeast from pityriasis versicolor lesions and normal skin; he named the organism P. orbiculare (57, 58) . Weidman cultured a Malassezia-like, nonobligatory lipophilic yeast from animals in 1925, and he named the organism P. pachydermatis (145) .
A number of investigators have conducted morphologic, immunologic, and genetic studies of these yeasts to define their taxonomic relationships. Burke observed typical structures of M. furfur in a patient experimentally infected with P. orbiculare; she also was able to produce hyphal elements in cultures of this organism (20) . Keddie and Shadomy isolated P. orbiculare from scales of patients with pityriasis versicolor in which the presence of M. furfur had been demonstrated by staining and direct microscopic examination (72) . Dorn and Roehnert reported that globose cells of P. orbiculare readily converted to hyphal elements in a defined medium (29) . Salkin and Gordon reported changes in the morphologic characteristics of P. orbiculare during maintenance in culture (125) . They suggested that the alteration from globose (P. orbiculare) to oval and cylindrical (P. ovale) forms represented different stages in the developmental cycle of the organism. Ranjandiche also showed that the two morphologies were not stable and could coexist in the same lesion or culture (111) .
The most convincing data supporting the classification of Malassezia spp. relate to the genetic analysis of these organisms. Gueho and Meyer studied the molar percentage of G+C content and DNA-DNA reassociation kinetics of Malassezia-like yeast cells isolated from human scalp and forehead (P. ovale-like), human chest and back (P. orbiculare-like), human sources other than skin (both obligatory and nonobligatory lipophilic), and canine ears (M. pachydermatis-like) (60) . The human obligatory lipophilic isolates could be assigned to a group with a G+C content of about 66%; human and canine nonobligatory lipophilic isolates had G+C contents of around 55.5%. Furthermore, all combinations of human obligatory lipophilic isolates gave DNA-DNA reassociation percentages of >85%, a degree of homology high enough to indicate a single species. Similarly, the DNAs of both human and canine nonobligatory lipophilic isolates showed high reassociation percentages, suggesting a single species. However, reassociation between the DNAs of obligatory and nonobligatory isolates was low, suggesting different species (60) .
Recently, Simmons and Gu6ho isolated a Malassezia-like organism from the ear canal of a healthy male and from the scalp of an AIDS patient with tinea capitis (131 (46) .
Recently, Leeming and Notman described an improved medium for the primary isolation and quantitation of M. ur,fur from human skin (79) . It is similar in composition to GYP-S agar but has the following additional components: glycerol, ox bile, and whole-fat cow's milk in place of olive oil. These authors showed a significant increase in colony counts on their medium compared with GYP-S agar when skin samples collected from various body sites were cultured. In addition, Bezjak et al. (14) described PSM, a solid medium supplemented with 5% horse serum, Eagle's minimal essential medium, and amino acids, and M-7, a liquid medium, similarly supplemented, both of which yielded excellent growth of M. furfur. The last two media may prove to be advantageous in obtaining populations of M. furfur devoid of oily carryover, a potential problem for biochemical and genetic studies.
Macroscopic and Microscopic Morphology
The colonial morphology of Malassezia spp. on GYP-S agar is variable. Typically, colonies are smooth, sometimes glistening, and cream to yellowish brown with an intact margin. Alternatively, colonies may be dull and lightly wrinkled with a lobate margin. The latter morphology is common with older cultures (Fig. 1) (2, 130, 131) . There is some controversy as to the number of layers and relative thickness of the cell wall of the various Malassezia spp. However, Simmons and Ahearn (130) suggested that the cell wall characteristics and unipolar budding of the organisms indicate a close association between Malassezia spp. and the basidiomycetes.
Reproductive, Physiologic, and Antigenic Characteristics Reproduction of the Malassezia spp. occurs by budding on a broad base and from the same site (monopolar or unipolar) (141) . The extruded bud is divided from the mother cell by a septum, and the daughter cell is separated by fission. Separation of the daughter cell leaves a scar; successive scars form a small collar (collarette) from which later buds emerge (91) . M. sympodialis also displays a sympodial type of budding process (131) .
Malassezia spp. do not grow in the liquid medium used in standard assimilation tests (132, 151) . Sanguinetti et al. (126) tested 120 M. pachydermatis isolates from dogs for assimilation of carbon sources by a modification of the classical auxanographic method. They found that glucose and mannitol were assimilated by all isolates (though mannitol assimilation was delayed); lactose, lactic acid, and succinic acid were not assimilated. Using similar methods, Slooff found that M. pachydennatis assimilated glucose, mannitol, and glucitol (132) . Fermentation tests were all negative. All three species are positive for urease production (Christensen's urea) within 24 h at 35°C. Malassezia spp. are also relatively inactive in common commercial yeast identification systems such as API-20C (Analytab Products, Plainview, N.Y.) and Flow Uni-Yeast-Tek (Remel, Lenexa, Kans.) (85) . M. furfur and M. pachydennatis hydrolyze urea only in the Flow Uni-Yeast-Tek system. In addition, M. pachydennatis may be positive for glucose, glycerol, and sorbitol in the API-20C system and thus be misidentified as Candida lipolytica unless microscopic observations are done (85) .
A number of studies have described the specific fatty acid requirements and lipid metabolism of M. furfur (100, 129, 146) . These studies demonstrated that in vitro growth occurs only in the presence of long-chain fatty acids from the C12 to C24 series. Although lipids can be the only carbon source, growth is enhanced in the presence of a carbon energy source such as glucose (100 (39) . The most important of these factors relates to local conditions on the skin; both high temperature and high relative humidity promote development of disease, which probably explains why pityriasis versicolor is observed more commonly in tropical climates. Skin conditions such as seborrhea and hyperhidrosis VOL. 5, 1992 or the liberal use of oils on the skin may also contribute to development of the disease. Genetic factors and subtle differences in cell-mediated immunity may also contribute to disease predisposition (39 (81) . We have performed a limited number of hub cultures at the time of catheter removal in patients with culture-proven, catheter-associated M. furfur sepsis (85) . Cultures were collected with swabs and plated onto GYP-S agar. In three of four cases, the organism was recovered from the hub as well as from the catheter tip.
However, organisms were not recovered from the catheter hubs of 20 Once the organism gains access to the catheter, it may colonize the catheter locally (inner hub or outer subcutaneous surface) without producing overt clinical symptoms. In some patients, however, the organism gains access to the intravascular space by migrating around or within the catheter to the distal tip located in the inferior or superior vena cava or right atrium of the heart. At some point, the organism adheres to one or more segments of the catheter (Fig. 2) , perhaps through some association between the outer fungal wall and fibrin sleeve or fibrin-platelet deposits formed outside and within the lumen of most long-term vascular catheters (122) . In this location, the organism replicates to relatively large numbers.
We performed scanning electron microscopy studies on two catheters removed from patients with M. furfur catheter sepsis (109 dermatosis usually confined to small patches of skin, particularly on the trunk and shoulders (39, 68, 115) . Lesions are very superficial areas of hypopigmentation or hyperpigmentation that are chronic but asymptomatic. The rash is most notable in the summer as tanning occurs in surrounding skin while sparing infected areas of skin. The condition is most common in adolescents and young adults but has been described in infants as young as 1 month of age (97) and in the elderly (28) . Although M. furfur in culture generally produces budding yeast cells only, some transformation to a mycelial phase occurs on infected skin. Diagnosis is usually established when skin scrapings treated with potassium hydroxide and examined microscopically reveal the characteristic yeast cells and hyphae (43, 68) . Although fluorescence is usually detected by Wood's lamp examination, it may be absent, particularly in the elderly (28) .
The lesions of pityriasis versicolor are generally restricted to the outermost layers of stratum corneum (39, 115) . In periodic acid-Schiff-stained biopsy specimens, the organism may be seen in large numbers as blastospores and hyphae in the stratum corneum (Fig. 4) . The organisms may also be seen extending into hair follicles, but invasion of the epider- (19, 65, 74, 76, 152) . Lesions are distributed most commonly over the back and anterior portion of the chest and, to a lesser extent, on the shoulders, arms, neck, and flanks. The typical lesions begin as inflamed hair follicles that progress to papules or pustules 2 to 4 mm in diameter and are usually pruritic (9, 51) . Lesions may develop crusting and heal in 3 to 5 days, but most become chronic, going undiagnosed for up to 8 years. In immunocompromised patients, lesions may spread rapidly and be accompanied by high fever (19) .
Folliculitis due to M. furfur must be differentiated from acne, the macronodular lesions of disseminated candidiasis, and the candidal papulopustulosis of heroin addicts (74, 75) . In contrast to acne, folliculitis is often pruritic, lacks comedones, and is unusual in adolescents. Both of the candidal infections are thought to result from candidal sepsis and are differentiated from M. furfur folliculitis by biopsy and culture. Biopsy of the papulopustules caused by M. furfur shows keratin plugging of the pilosebaceous follicle, amorphous cellular debris, and inflammatory cells. The follicle wall may be destroyed, with resultant intense perifollicular inflammation. Budding yeast cells but not mycelia are evident in the hair follicle infundibulum.
Skin diseases in which the role of M. furfur is less well established include psoriasis, adult and infantile seborrheic dermatitis, atopic dermatitis, confluent and reticulate papillomatosis, intertrigo, and erythema annulare centrifigum (16, 49, 71, 73, 102) . Support for the role of M. furfur in psoriasis and seborrhea comes primarily from the beneficial effect of ketoconazole on both of these dermatologic conditions (52, 121) . In the only placebo-controlled trial of seborrhea treatment, Faergemann demonstrated a significantly higher cure rate in adults with seborrhea and cultures positive for M. furfur who were treated for 4 weeks with a twice-weekly ketoconazole shampoo (40). Heng et al. (64) recently correlated the severity of seborrheic dermatitis with the number of M. furfur yeast cells seen during microscopic examination of skin scrapings from adult males. The quantity of yeast cells in scrapings from patients with any degree of facial seborrhea was significantly greater than that observed in scrapings from healthy controls. Following twice-daily application of 5% precipitated sulfur and 2% salicylic acid in a shampoo base for 3 months, 90 of the 100 patients with facial seborrhea became clinically cured and had markedly less M. furfur present on microscopic examination of skin scrapings.
M. furfur may also be involved in infantile seborrhea. In two studies, the prevalence of M. furfur recovered from skin VOL. 5, 1992 scrapings was significantly higher from infants <1 year old with seborrhea than from healthy controls or infants with other derithatoses (16, 123) .
There has been research interest in M. furfur as a potential etiologic agent of the sebor-rheic dermatitis that occurs in 30 to 80% of patients with AIDS; this contrasts to a 3 to 5% incidence in the general population (33, 90) . In a survey of 10 patients with AIDS and seborrheic dermatitis, M. furfur was identified on microscopic examination of skin scrapings from areas of rash in all patients (59) . The quantity of yeast cells correlated with the severity of the rash. Two patients, who were treated topically with 2% ketoconazole for 2 weeks, had rapid clearing of their rash. In a comparison of 12 patients without rash but seropositive for human immunodeficiency virus infection and 12 seronegative controls, no significant differences in the quantity of M. furfur cells from skin scrapings were found for the two groups (62). Thus, human immunodeficiency virus infection appears not to predispose to more abundant skin colonization with M.
firfir, but progression to AIDS may result in the evolution of M. furfur-associated skin lesions.
The role of M. furfir in adolescent and adult atopic dermatitis has also received recent attention. In a study of 131 affected children aged 7 to 18 years, IgE antibodies to M. furfur were present in 38% with active eczema, 22% with a history of eczema, and 7% with no history of eczema (102 (51, 53, 66) . Response to therapy may be slow, requiring several months of treatment, and relapses are frequent, particularly in AIDS patients (31) . In neutropenic patients, treatment may fail until absolute neutrophil counts rise to >500/mm3 (19 (56, 143) , one of mixed bacterial-fungal septic arthritis (150) , one of dacryocystitis (148) , one of mastitis (13) , and one of Of the 55 infected infants who were < 1 year old, 33 were premature newborns with a variety of complications including simple feeding intolerance, respiratory distress syndrome, or chronic bronchopulmonary dysplasia; 19 had surgical short-gut syndromes (e.g., gastroschisis, ruptured viscus, or necrotizing enterocolitis); and 3 were otherwise chronically ill. All infants had been receiving total parenteral nutrition with lipid supplementation for 4 to 210 days. Two of the infants developed a second infection occurring at 4 and 12 months after the first infection resolved; both new infections involved new CVCs.
The most commonly reported symptoms of systemic infection in the infants have been fever (53%) and respiratory distress with or without apnea (53%) ( Table 2 ). Other less common symptoms have included lethargy, poor feeding, bradycardia, hepatomegaly, and splenomegaly. Of note, skin rash has not been described with systemic infections, and erythema, swelling, or purulence at the entry site of the infected CVC has been absent. Pneumonia with an interstitial, bronchopneumonic, or consolidative appearance on roentgenograms has been described in 40% of infants. The primary laboratory abnormalities have been leukopenia (<5,000 WBCs per mm3) in 8%, leukocytosis (>15,000 WBCs per mm3) in 31%, and thrombocytopenia (<150,000 platelets per mm3) in 48% ( Table 2 ).
The clinical features of M. furfur sepsis in children aged 1 to 18 years and adults >18 years old are listed in Table 3 . The four children included an 18-month-old female with trisomy 21, Hirschsprung's disease, and a colostomy (113); a 3.5-year-old boy with short-bowel syndrome after surgery for volvulus and ileal atresia (63); a 9.75-year-old boy with a brain stem glioma (87); and a 16-year-old male with Crohn's disease and total small-bowel resection (113) . All had been receiving parenteral lipid emulsions through CVCs for 4 days to 3.5 years prior to infection. The child with the longest duration of parenteral nutrition received fat emulsions only twice weekly; the others received daily administration.
Three children presented with fever as their initial symptom of infection. One of them, the 3.5 year old, had a right atrial clot surrounding the tip of the CVC; the clot required surgical excision after streptokinase therapy failed to dissolve it. Cultures of the clot grew M. flr-fur. Ten days later, the patient required a left pneumonectomy because of complete occlusion of the left pulmonary artery, and M. furfur was visualized in areas of vasculitis throughout the infarcted lung (63) . Fever and leukocytosis resolved 4 days after the pulmonary resection. One child had leukopenia and two had thrombocytopenia. The child with a brain tumor had been receiving parenteral lipid emulsions for only 4 days; a low platelet count was the only sign of infection. Pneumonia was documented only in the 18-month-old child, but it was not stated whether he had respiratory distress.
The nine adults with catheter-associated M. furfur sepsis presented with a variety of underlying illnesses (Table 3 ). The patients were 22 to 71 years old, and all but one were (27) , or adenocarcinoma with bowel resection (27) . The other three patients had hemorrhagic pancreatitis (113), longstanding short-bowel syndrome, and seizure disorder (55) or aplastic anemia with allogeneic bone marrow transplantation and severe gastrointestinal graft-versus-host disease (113) . All had been receiving parenteral lipid emulsions through CVCs for periods ranging from 3 days to 2 years. Lipids were given every third day to one patient and twice weekly to another. In all adults, fever was the consistent presenting symptom. When described, fever was spiking in nature and usually low grade, although two patients had fever as high as 40°C. Three adults had pneumonia described as bilateral basilar infiltrates, diffuse left lung consolidation, or patchy left lower lobe infiltrate. No mention was made of interstitial appearance of the infiltrates. The only other symptoms mentioned in the nine adult patients were some episodes of chest pain and cholestolic jaundice, which developed simultaneously with pneumonia and spiking fevers in an adult with acute nonlymphocytic leukemia in remission. This same patient and two others developed thrombocytopenia. Leukopenia was observed in another thrombocytopenic patient.
The predominant pathologic changes associated with catheter-associated M. furfur infections have involved the heart and lungs; these included mycotic thrombi around the tips of deeply placed catheters, vegetations of the endocardium, and inflammatory lesions of the lung (128) . In cases in which lung biopsy (63, 112, 113) or autopsy (113, 128) were performed, M. furfur was well stained with Gomori methenamine silver, periodic acid-Schiff, the Gridley fungus stain, (61, 77, 92) . Except for a single report of M. pachydermatis canaliculitis in a 61-year-old man (120) , the two reports of confirmed clinical cases involved infants in an NICU. Larocco et al. (77) retrospectively reviewed their clinical microbiology laboratory records of cultures obtained from 507 infants hospitalized in their NICU from October 1985 to January 1987. They identified eight infants (1.6%) from whom M. pachydermatis had been recovered. Three infants had single isolates from cerebrospinal fluid, urine, or eye discharge; one infant had positive urine and ear discharge cultures; and four infants had multiple isolates, including isolates from catheter blood (four cases), peripheral blood (two cases), central line catheter tip (three cases), urine (two cases), and tracheal aspirate (one case). All infants were premature and had multiple complications of prematurity; all but the infant with the cerebrospinal fluid isolate had been receiving broad-spectrum antibiotics and parenteral lipid emulsions for 18 to 35 days through a CVC. Clinical symptoms occurred in all but the infant with the cerebrospinal fluid isolate and included apnea and/or bradycardia or temperature instability. The four patients with fungemia recovered without antifungal therapy when their CVCs were removed. The two patients with a single positive eye culture and a single positive urine culture died from cardiac and pulmonary decompensation, respectively. Because autopsies were not performed, any role for M. pachydermatis in causing these deaths is speculative.
Mickelson et al. (92) reported details of M. pachydermatis sepsis in three infants in their NICU. All infants had birth weights of <1,000 g and had numerous complications of prematurity. Lipid emulsions had been given for 8 weeks to 5 months prior to development of symptoms, which included fever (two cases), lethargy (one case), respiratory distress (one case), and repeat bouts of bradycardia (one case). One VOL. 5, 1992 infant developed erythema at the catheter insertion site 2 days after onset of symptoms. Chest roentgenograms were normal in all three patients. Laboratory findings included thrombocytopenia (all three infants), leukocytosis (two infants), and leukopenia (one infant). All had multiple positive blood cultures obtained from a CVC, and two infants had positive cultures of peripheral venous blood. Two infants recovered promptly after removal of the CVC and short courses of amphotericin B, while one infant recovered after a 10-day course of amphotericin B infused through the infected catheter.
Mickelson et al. (92) Faergemann described a simple method that facilitates preparation of material for direct microscopy (39) . Transparent cellophane tape is pressed firmly against the affected skin to obtain a thin layer of superficial epithelial cells, and the tape is then stained with a 1% solution of methylene blue, mounted on a glass slide, and examined under the microscope.
Although culture of the organism from skin is generally not necessary for routine diagnosis, it can be easily accomplished and may be helpful in diagnosing superficial infections other than pityriasis versicolor. A skin scrub (36) method as well as a contact plate method (38) VOL. 5, 1992 be tempting to supplement blood culture bottles with lipids in an attempt to recover M. furfur, this procedure may be associated with introducing contaminating organisms, and high lipid concentrations may inhibit growth of Malassezia spp. (88, 89) .
We prefer the use of DuPont Isolator tubes (Wampole Laboratories, Cranbury, N.J.) as an adjunct procedure for collection of blood when Malassezia sepsis is suspected (88, 89 (87) . In all four cases, fewer than 100 CFU of M. furfur per ml were recovered from peripheral blood compared with >300 CFU/ml recovered from catheter blood (Fig. 5) 
